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Abstncl: On the bdis oflhe Austmlian expcridce wilh lhe resemh and management ofabalone (fl4liortr sp.) siocts md
od widc. cxlcrience offishe.ies rcsedch md mmag@6r, we d8ue lhat th€ spatial sc.le ofo exploited species should be
m important detcrnimt iD developinS m.nageh€Dt stratcgies for my exploited slecies. The snall sp.tial sc.le of turctional
unils of abalone stock togcth€r wiih rheir biSh level ofvariability bctwoen populations ud the "law of the cmmons" contcxt
ofthe Australian abalonc lishery combine to bdeminc thc cfrcctiveness ofnodeo broad ere mmagmenr lools such as
size limirs, closurcs, limited cnlry, md individusl rransfemble quota! (lTQs). Dcspitc the solhistication ofcurent
moagemenl regimes, colnponent units of stoct can still bc seqlertially overcxploited because the spatial scale offunctional
unirs of stoct wilhin the fishery b snaller thtu the efteclivc soale of managcm.trt. Tte "tragedy of rhe commonC' ard a
"lyranny of scale" rcndeB the qistinS so?histicsted rystcm of muageoetrt suboptimal for this valusble renewable resourcc.
We suSgeit thd managcmcnt lbrcrgh renirorial user ridls would cnablc individual firheB or sDall comDunilies of fish€l! to
adjust the scale of managemcnt to the s@ll scale app.opriate to the spccica. Thc dimculty of changing |ffiagnmt in this

R6tum6 : A p.nir de l'expdndce australiennc cn recherche et en g.stion des stocks d'omeau (Halirris ,p.) ct dc notrc
erpd.jcncc plus large de larecherche el de la gcstion despeches, nous posons que l'&h.lle spstisle d'une espacccxploitde
doil tte un dlCm€nt detcmimnl dans I'dlabomtiotr de stralagi.s de gestion pour une espCce erploitdc. La pctitc Cchcllc
spalialcdcs unitis fonctionnelles d.s stocks d'onDeau €t leur niveau dleve de vanabililC mlre popuhtions ainsi$c le
conlcxtc dc ( propridta comrnuf,e D d. la pechc de cc rnollusque en Australie se cohbiDmt pour miner I'cfticlciid dcs outils
modcmcs dc gcstion A grande dchelle comme lcs limites de taill€, les fermerur€s, l'accas limite.r les quotss iDdividucls
transf6rable, (QlT). Malgrd le raflineftent des rdgimes actuels de gestion. certain$ conposanres des sr@ks p.uvent se
ircuvcr cncorc surexploitdes de fa9on suivie carl'Cchell€ spaiiale des unids fonctionnelles de sr@k &ns ls pechcric cst plus
p.tit. quc I'dchellc effective de gestion. La < trlgddie de le propridG commune > et une < r)rannie de l'echelle D r.ndcnt
suboptimal lc systlme ac elcomplcxede gestion dc cetb prdcieuse r$so'irce renouvelable. Nous sugsdrons d'6voirrccours
d d$ &oits tenitoriaux d'exploitation, rCgimc dc gestion qui pennenrait e des pecheu6, ou A dc p.tit.s communautCs de
pechcus, d'ajusler l€ur intervenlion i la p.titc dchclle convenanr A cette espace. Nous analysons les difficuhds suscidcs par
un icl chdgemeni dals la geslion.
lTraduir p.r la Rddacrionl

Introduction
During the iwenti€th century fisheries science and manage-
ment developcd rapidly. B€fore the tum of the ccntury, it was
argued that humans would never be able to impact the great
fish stocks (Safina 1995). How€ver, by early this c€ntury,
Russell (1931)was using yieldper recruit analysis to theoreti-
cally consid€r th€ overfishing problem ofthe Norlh Sea and to
argue in suppod of introducing minimum mesh siz€s to the

North Sea trawl fishery. Assumidg constanl recruitment to a
uniformly gowing stock, yield per rectuit analyses estimat€
ihe optimal siz€ of captur€ and by the middle of the century
legalminimum size limits w€rc commonly applied 10 fisheies
to maximize yi€lds (Cushing 1968;Hancock 1979). During the
second half of the century the technologies dev€loped for war
(e.g., radar, acoustics, hydnulics, global position syslemt
were applied to harvesting marine resources and th€ impaci of
fthing on recruitment became evident. Ricker (1954) focused
attention on the relationship between the abundance of bieed-
ing stock and the level of tutur€ recruitment to a fish€ry-

Hardin ( I 968) described the "tragedy of the commons" by
which "each man is locked into a system rhat compels him 1l)
increase his herd without limit in a world that is limited." He
noted that "fre€dom in a comnons brings ruin to all" and de-
scribed its application to the human use of a wide mnge of
ren€wable resources, including fisheries. During the 1960's
and 1970's manageN increasingly moved to conhol fishing
power by tiniring entry to fisheries and the amount of fishing
gear used by each entrant (Hancock 1979). Limited entry de-
nied the gen€ral conrnunity th€ right to catch fish for conllner-
cial gain, reserving this dght for a limit€d number oflic€nced
commercial fNhers, thus, theoretically at least, solving the
trasedv of th€ commons for fisheries.
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Iig.l. The five southcm Australim states witb their abaloDc m@gdent zones! ed tle geogaphic ruge of the tbr@ coImdially exploiied
abalone species (Rom PriD@ ud Shelherd 1992)-

By the 1980's fish€ries managen were cornmonly contol-
ling the size of fish caught, the dumb€r of padicipants, the
number and size of vessels, th€ amount and specifications of
fishing gear, and the sreas and times fished (Boume 1986;
Hanison 1986). However, a s€emingly inevitable upward
creep of fishing pressure wjthin limited-entry fisheries (Mor-
gan 1980; Harrison 1986; Robins and Sacbse 1994) was widely
recognized prompting a move towards dhectly controlling to-
tal landings with catch quotas, often individually transferable
quotrs (lTQs). In some fisheries ITQS have been applied ovet
existing layeru of mamgement so that the size of fish caughi,
the application of fishing effort, and the quantity of catch can
6ll be controlled by legislstion (c.9., Prince and Shepherd
1992\.

In this pap€r, it is ugued lhat for some fished stocks eveD
this sophisticated level of management is inadequate for opti-
mizing the management- When the spatial scale of manage-
ment and monitoring is larger than the scale of the managed
populations, fisheries will remain wln€mble to localized over-
fishing and ongoing population collapses. This argum€nt is
supported by a case study of th€ ANtralian experience with
the r$earch and rnanagemena of abalone stocks- Howev€r, our
wider fisheries experience suggests that th€ issue is relevant to
ma.ny oth€r fish€ries, parti€ularly sedentary invertebrarc spe-
cies and dive fisheri€s.

Abalone
Abalone are large marine molluscs that form aggregations on
shallow inshore reefs (Shepherd 1986; Shepherd alld codoy
1989) wh€re they are easily accessible to collection by com-
mercial and amateur divers. The Japanese and Chinese con-
sider abalone a d€licacy and the market price is set in Asia
(Rudd 1994). Worldwide abalone stocks form the lucrativ€
basis of high value - low volume dive or littoral collection
fisheri€s.

World production of abalone peaked in thc late 1960's at
approximately 27 600 t yrr . However, since that peak, catches
ftom the large Califomian and Mexican abalone fisheries col-
lap3ed (T€gner 1989; Cuzm6n del Pr6o 1992), Jspanese
catches continu€d io slowly decline (FAO 1973-1988), and
quota r€ductions occurred in Australia (Prince and Shepherd
I 992). By the lat€ I 980's global production declined 10 around
I 2 000 tyr I . The rcal value of abalone increased stesdily duF
ing the last three decades reflecting d€clining supply and gow-
ing demand in Asia (Rudd 1994). Australia's annual
production of about 5000 6000 tyr I and Japan's of around
3000 4000 t yrr currently dominate global production fig-
ures (FAO r973 1988).

Auglrallan abalone management

Australia's recorded abalone exporls are annually worth ap-
proximately AS 120 million and by value abalone is about 8%
ofAustralia's fish production (Kailola et al. 1993). Three spe-
cies ofabalone are harvested b' commercial divers using sur-
face supplied compressed air diving equipmenl across th€ five
soutbem stat€s of AEtralia (Fig. l). Each state within the
Commonwealth of Australia has jurisdiction for the abalone
resource within its waters but despite the differ€ntjurisdicrions
management regimes in each state have €volved along similar
lines. For a detailed account of each fishery the readei is re-
fened to Prince and Shepherd (1992).

In Australia, the modem fishery began in the early 1960's
when compressed air diving equipment became cornmerciauy
available. By the mid-1960's most states had imposed mini-
mum size limits around the siz€ of fust maturity. During the
late 1960's catches increased rapidly alld a catch in excess of
8000 t was reponed in | 968. Most states moved to limit enrry
to their abalone fisheries during the late 1960's and early
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rig; 2. Maps illutraring the three slatial scales used to map I/' la"vrsdr4 in southwest Westem Awtalia. (a) Zone 2 of the Westem Aultralian
abalone fishe.y showing the glid used to record comdcial catch .lata. (D) The Auguta rea showirg the grid used to nap the prodncnvity of
abalone teds in the .rea. (c) A 20-m dimetd swey site showing e indicative distribun 6 of H. ltuisota.

1970's, capping th€ number ofcomm€rcial abalone divers at
approximately 345 licenc€d abalone diven across Australia.

At first abalone diving licences w€r€ nontmnsfembl€; retir-
ing divers relinquished their licences and they were reallocated
a.cording to govemment-maintained waiting lists. However,
lew divers rethed and r€ported amual catches slowly declined
to around 5000 t by 1975. In 1974 the state authorities began
to allow th€ sale ofdiving licences (Harrison 1986). Abalone
div€rs were allowed to retire ftom the fishery by nominating a
repla.ement diver and transferring their licence to them. The
introduction of lic€nce tnnsf€rability promoted a firther and
rapid expansion of landings as new entrants tended to fish
hardei lhan the divers they repla.ed. Between 1975 and 1985
recorded annual catches steadily inueased to a peak of ap-
proximately 8200 t.

Once again concem at rising catches prompted the authori-
ti€s to acl, introducing individually transfeBble quota systems
during th€ mid 1980's. After the impl€mentation of lTQs the
total allowable commercial catches (TACCS) wer€ genenlly
Educed with industry support. In Tasmania, against th€ advice
of the state fisheries agency, th€ industy lobbied the govem-
ment for an ovenll TACC rcduction of40%. Australia-wide
TACCS were around 6000 t by tbe early I990's. The TACCS
are nominally review€d annually and mosl states administer

f! h4r@

E-"a
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them within 2-3 separate zones esch encompassing
100-1000 km of coastline.

Most states also sanction the occasional fishinc of'htunted
stocls"with ofierwise subl€gal minimurn s'ze lir;ts. This spe-
cial fishing of stunted stocks is sanction€d on specific days
within pr€scribed areas.

Currenl undelstandlng ot abalone
ll3horlca blologtf

During rie late I 970's a.nd early 1980's as abalone catches rose
ther€ was widespread concem about ahe sustahability of the
abalon€ industry in Australia. The Commonwealth Fishing In,
dustry Res€arch Trust Account responded by supporting paral-
lel research programs inlo abalone fisheries biology in South
Austmlia, New South Wales, Victoria, ard Tasmania. To-
gelher these programs ofresearch conclud€d that a number of
facton mak€ abalone siocks difficult to assess and susceplible
to overfishing (Princ€ and Shepherd | 992).

Highly rggregrt€d popul|tions
Abalone ale not dispersed through the environments they in-
habit; ralher they oc€ur in highly concentrat€d "nuggets" of
stock. Three spatial scales used for mapping abalone popula-
lions (Halioti\ Iaevigata\ in southwest Westem Australia are
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Fig.3. The spanal distribntid ofahlone al three scales within Zde 2 oftbe Wesiem Australim abalorc fishery. (d) Comercial catch dsta
&om the enlire Zme 2, scale ofoggreg8tion: 25 kn. (r) Produclivity in the Augulta ma d rcportcd by coImtrial dive6, scale of
aggregatio: 0.5 kn. (.) Dist ibntid ofabalme within a single 20 m dimeter swey site as nessured by $ientific diveB, scale of
a8gre8atio: 0.5 a.
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illustrated in Fig. 2: (i) th€ commercial caich statistics aggre-
gated over l0 50 km, (ti) the productivity of abalone beds
mapped by commercial divers within a research area 8 x
1.5 krn, and (tlr) th€ location of individual abalon€ napped
within surveyed circles of 10 rn radii.

At all tkee spatial scales 80% ofth€ abalone are concen-
trated within 20% of th€ potential habitat (Fig. 3). ln Fig. 4, a
similar distdbution pattem is shown for H. ,?r/d on Ceorge
III Rock in southeast Tasmania determined using Leslie esti'
mates of26 cells ofequal area (Prince 1989a). Approximately
70% ofihe population was found to be concenhated in 20%
of the area. This repeated density profi le over a range of spatial
scales suggests that abalone distribution palr€ms are fractal
(Sugihara and May 1990).

At the scale of0' to I0-m, populations of abalone aclively
aggrcgat€ around fixed positions which are favouiable for
feeding or breeding (Shepherd 1986; Prince 1989a). Al a scale
of 100's 1I) 1000's of metres, these aggregalions are clumped
wilhin reefconplexes 10 forrn metapopulalions (Shepherd and
Brown 1993) that abalone diven call "abalone beds." h n]m
metapopulations or abalone beds will be common along s€c-
tions of coastline 50- to 100-km long where roclry substate

and algal gror'th suppon |hem, but nonexisienl or limiled on
adjacent sections of coastline lacking these feaNies.

Visually searching diven leam the locatiom of the abalone
beds and the small component ag$€gations within them
(Prince 1989d). ln a dev€loped abalone fishery, divers spend
Iittle time randomly s€arching for abalon€. Divers check the
condition ofknown abalone beds by looking al the state of its
best aggregations before deciding wh€ther or not to div€ in that
location. One consequence of this is that catches tend to remam
proportional to iime spent diving, r€ndering catch rate a poor
indicator ofstock abundance (Prince l98Sd).

Restricted movement lnd dlspersll
Laflaland adul. movemenis are generally limitedto scales of
l0's to 100's of meres (Prince cl al. 1987, 1988t Mcsbanc
et al. 1988; Brown l99l; Shepherd and Brown 1993). Some
level of interdction is probable between the aggregations
within a rnetapopulaiion (Shepherd and Brown 1993) but thc
interaclion through adult movemcnt and larval dnft may be
low or unidirectional. lt is unliLely that intenclions occur be-
tw€€n metapopulations on different reef complex€s- Conse-
quently abalone fisheries ar€ made up ofmany I 00's to 1 000's

ssl. or Aggbs{bn - 0.5 h '
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Fig.4(a). A mp olCeo€eIII Rdl in soDrhea{ TasmMia
showing the 29 bl@ks of equal size fo. which Leslie estinat* of
the abalone populations sire were de.ived (am Prince 1989a).

lhe Ausiraian abalone (Halioiis sp.)fshery

Fig.4(r). Leslie esC6ates of.bnlone populatio! size in 29 blcks
of equl ea acros Geo.ge lll Ro.t itr southedt Tasmdia (Aom

9^
<F

of discrete filnctional units of stock (Gulland 1969). Serial
localized depletions of abalon€ beds occurring over an ex-
tended time ftame can apparently lead to the decline of lalg€
abalone fisheri$ as may have occurred in Mexico (Princ€ and
Cuzman del Pr6o 1 993).

Vrrhble pltternr of grorvth and fecundlty
Pattems of gro\a,th and fecundity vary greatly between and
within metapopulations (Shepherd and Laws 1974; Prince
1 989r; Mcshane I 99 | ). Maturity is detemined principally by
age. rarherrhan size(Nash 1992). Abalon€ ofthe same species
commence breeding at around the sam€ age over broad regions
bul their size at maturity varies greatly. At maturity cr}?tic
juvenile abalone emerg€ from uDd€r boulders and take up ex-
posed positions and become luln€mble lo fishing (Prince
I 989a). In productive fast growing axeas, abalone mature and
€metge al larger sizes than in slower growing areas. When
legal minimum siz€s are applied across an abalone fishery, the
breeding stock in slow-growing areas is giv€n a higher level of
proiection than in fast-growing productive areas (Mcshane
l99l). Moreover fishing pressur€ tends to concentate on the
faster-growing areas because that is oft€n where legal-sized
abalone are mosteasily found. Whil€ protecting bre€ding stock
in many ar€as a hieh ninimurn size lirnit lcads to local deple,
tions in the faslesl growing and most productive areas ofthe
fishery (Sluczanowski 1984; Hilbom and Walten 1987).

The uncertaln atatus ol Au3tralia'3
abalone fl!hefie3

Because stat€ fisheries authorities in Aushalia do not allocate
suflicient resources to the monitodng of abalone populations
the current status ofthe Austmlian abalon€ fisheries cannot be
determined with any qurtitative rigour (Prince I 989a; Prince
and Shepherd I 992). Rather, Australian managen rely qualita
lively on regional tr€nds in catch and catch rates to annually set
TACCS ofabalone(e.g., Keesing and Baker 1998). Th€ stabil'
ity ofTACCs in most states and the fact that quotas are filled
each year is used to argue ihat the introduction of lTQs and th€
subsequenl industry i.itiated catch reductions of the mid-
1980's have slabilized stocks in most states. However.

definable threats to the long-term sustainability ofthe rcsoulce
exist and their impact remains unmonitorcd.

The nonnal leSal fishing panem of licensed commercial
harvesteN can lead to the serial depletion of individual reefs
even if TACCS are set at conservativ€ levels fo. the fish€ry.
This is because many diveN may catch their individual quola
allocations from the s8me abalon€ bed giving rise to a'tagcdy
of the commons" situation. Fishing pressure natumlly conc€n-
tlates in cert{in areas, e.g., abalone beds close to access points
and home pons where the costs of fishing are lowest and on
shallower reefs wher€ decompression requirements are lowest
ol where a decompr$sing diver can kill time by searching for
abalone (Prince 1989a). Dive$ also favour diving on fast-
growing popuktiom where legal-size abalone are most easily
found. Size limits and quotas set over broad zones of the
fish€ry give liitle prorrction to these favoured dive areas where
fishing pressur€ focu3e6.

lllegal fishing pre$ure also rsises concems over sustain-
ability. ln New South Wales, it is estimated that the abalone
catch by illegal commercial diveN is at l€ast equivalent to ttrat
of the l€gilimate conrmercial industry and may be double the
commercial catch (Prince 1989r). The impactofillegal exploi-
tation is particulatly damaging to the long{ern sustainability
ofthe resource because the amount taken is uncontrolled and
legsl size limits are usually disregarded. As acc€ssibility to
coastal ar€as in€reases, amateur fleets grow in size,anddiving
equipm€nt and modem navigational electronics b€com€ in-
creasingly available, it is expecr,ed th6t the illegal catching of
abalon€ for sale will pose an increasing threat to the sustain-
ability of the abalone resources (Prince and Shepherd 1992).

Declining water quality in inshore environments is also an
increasing threat to the fish€ry- Burg€oning coastal development
and agricultural inputs increase inshore nutrient loadings and
d€stabiliz€ salinities. This combinarion ofconditions has ap-
par€ntly caused mass mortaliries and disease probl€ms off Ihc
coast of suburban New South Wales and the moulh of the
Blackwood Riv€r, Westem Australia (D. Leadbetter Ocean
Watch, New South Wales, Australia and T. Adams, Westem
Austnlian Fishing Industry Council, Westem Aushalia, Aus
tralia, personal comrnunications).

All these impacts can lead to the ongoing loss of abalone
populations and an erosion oflhe lbalone resource. In the short
tefm this leads to a loss of potentiat production. In the long
t€fm, if.he continuing loss of abalone populations reduces rhe
Foductive areas beyond the point where cunent TACCS can
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b€ sustain€d, the fishery will destabilize (Prince and Shepherd
1992). But with no effective system of quantitative stock as-
sessment in place therc is no way these processes can be moni-
tored or their aggregate impact assessed.

Reef -by-reef management

Tte knowledge and techniques required for th€ optimal, sus-
tainable management of the Aushalian abalone resourc€ have
b€en developed and are known. Each abalone bed r€quires its
own specifically tailor€d managemenl plan with total allow-
abl€ catch, size limits, and monitoring resime (Prince 1989o;
Shepherd and Brown 1993). However, in Australia there is not
a single population of abalone which can be quantitatively
shown to be being haF€sted sustainably. The gov€mmeni
agenci€s charged with this responsibility are incapable of col-
lecting sufficient high qualit data or eff€cting mamgement
plans at a small €nough scale. The conundrum they face is this:
how does a modem, centralized, small govemment manage
this valuable bul spatially intricate Esource when fiscal realily
prevenF monitoring, management, and enforcement at an
appropriately fine scale? Despite the aggregate value of
the resouce no centralize4 economically rational, small
govemment can monitor, quantitatively assess, or manage the
resource optimally. A democratic, I iberal society with central
ized priority setting will ahvays favour spending scsrc€ tax
revenue on hospitals, welfare, and govemment works, over
sp€nding on monitoring and policing the harvest ofabalone.
The public sector fish€ri€s biologist charged with assessing
and managing spatially complex abalone populations with
minimal resources faces an impossible task.

As it is currently structured, reef-by'reefmanagement is an
impo3sible dream in the Austmlian abalone fishery. The trag-
edy of the commons and a tyranny of scale forces our society
to manage this rcsource suboptimally. The existing manag€-
ment framework is structumlly unable to meet the challenge of
a$ffiing and managing this spatially intricat€ r€newable r€-

Optlmlzlng Australlan abalone
managgm9nt

Hardin (1968) arsued that tbe "tragedy ofrbe commons" does
nolhave atechnical soluiion; rather it is a socialissue requiring
sociery to change and voluntarily relinquish existing rights and

Tt€ Zone 2 abalone divers of south westem Australia
(Fis. 2/) voluntadly practice "conc€pt fishins" in an attempt
to maintain and build production from a d€pleted high growth
!rea previously o!erlished using legrslared minimum si/e
limits and TACCS (T. Adams, West€m Ausrralian Fishing
Industry Council, Westem Austrdlia. Australia, personat com
municarions). When fisbing in the "concept area" (r-.ig. 2r) thc
Zone 2 divers voluntarily: (t co-ordinate their d;ving effodto
cnsure eacb aggregation of abalone is only harvested once a
ycar and share their daily catches; (rt refrain from harvesting
an aggrcgation of abalone ifthey see that it has not rebuilt sincc
lhe prer ious yea( ( i l i )  uie a 'e l f  deremined minimum si /e
limit above the legal minimurn size limit. The divers only har-
vest abalone that have finished lhen rapid gowth phase (in
terms ofboth shell l€ngth and volume). Theyjudge this by the

depth ard roundness of abalone shells; and (jr) remov€ no
rnore than 30% of the abalone in an aggregation above their
self-det€.mined siz€ limit, selecting the abalone from across
the size range available rather than just taking the biggest.

Growing catch€s and positive repods on slock lcvcls sug
gest that the Augusta concept plan is rebuilding the abalone
beds in th€ir concept area. However with no legal underpin
ning the voluntary co-operation n€eded to foster this €xperi-
menl in fisheri€s management easily and often breaks down.
Ther€ is no guarantee that long{erm penonal benefit will ac-
crue liom lhe short-term cost ofthis conscientiou stock man-
agement. Years of co-operating can be negated by a short
period ofunco-operative but lcgal behaviour. The existing le-
gal ftamework isablunt instrurnent in which behavio.is o{i€n
detemined by the low€stcommon denominator aod the creed:
"ifl don't do it, somebody else will."

It has been argued thal transfening greater responsibility for
managemeni to us€Is ofrenewable resources fosters cconomi-
cally effrcient and sustainable harvesting of ren€wable re-
sources (Kesteven 19E8;Keen 1991;Young 1992). We argue
lhat for abalone stocks and other species with geographically
reslricted populations thb responsibility for manaSement must
be link€d to defined areas and populations. A form oftenitoial
users rights is necessary in tlis fish€ry (TURF) to eoable indi-
viduals, or small groups of individuals, to manage at a scal€
appropriate for the functional uoits ofstock.

A TURF system would giv€ abalone divers (or small groups
ofdivert secure harvesting rights to specific abalonc bcds and
exclude others from harvesting abalone in thos€ ar€as. Divers
could then be expected 10 look afterlheir own long-tclm inler-
ests by developing th€ skills ne€ded to manage th€ir own
abalone beds. Most exoerienccd abalone divers have observed
populadon tren& on ihe abalon€ b€ds th€y fish regularly and
have well-developed ideas on how abalone should be man-
aged. The principles of the Augush concept plan show how
sophisticated thesehomc-grown idcas can bc. However. under
cunent arftutgements, th€se ideas are seldom implementcd be-
cause ofthe "lragedy ofthc commons" dilemma. Mostabalonc
divers would willingly lend valuablcabalone beds likc garden-
ers tending lheir gardcns if our systcm of social constraint
encouraged rathcr than discouraged this b€havior.

Easily managed nuggets
It is economically fcasiblc to managc abalon€ populations
intensively. Abalone stocks dre concentrated into valuable
nugg€ls of slock: a square kilometre of productive reef area
such as George III Rock (Figs.4d and 46) may sustainably
produce an annual 2 4 t of abalone with a gross value of
AS50 150 000 (Prince 1989d). Int€nsive managcncnl would
involve f€w €osts over and above lhe existingones- Mostofthe
inliastructue required is already used by the existing calching
s€ctor ofthe fish€ry and, if fonhcoming, the volunlary behsv-
ior of harv€sting divers is ftee. The major cost would be for
ongoing population rnoniloring and quantilativc stock assess-
ment if these were requned. However, once permanenlly
established with existing techniques, monitoring and stock
assessnent on an area this size need tak€ no more than
4 6 pcrsonnel weeks per annum, worth approximately
A$5 l0 000. WI ile far beyond the level ofresourc€s a centaf
ized agency would devote to a single reef, a private opentor
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could afford this cost over and above mhimal costs ofnormal
narvesung.

Under TURI manag€ment abalorc harveste$ would be-
come directly responsibl€ for planning botl their harvesting
and stock management strat€gies for defined abalone b€ds.
This would eventually itrclud€ catch lev€ls and the size ofcap-
tule. They would also assume responsibility for monitoring
and s€curing their own abalone beds. The govemment role
would skink to suppoaing the development of optimal man-
agement skills among abalone harvesters and to verirying, on
behalf ofthe commmity, that pred€t€rmined rninjmum stand-
ards of operation are observ€d.

Under this regime the value of an entitlement to harvest
abalone would become linked to the exp€ct€d production frcm
a defued abalone bed. Economic imperatives would favour the
harr'ester who can optimize long-term harv€st rat€s by opti-
mjzing management (K€s&ven 1988; Keen l99l; Young
1992). New information and changes in the condition of re-
sourc€s are more efficiently assimilated by individuals than by
cenfalized govemftents; therefore, we should expect manage-
m€nt to become innovative, experimental, and adaptive. Mul-
tiple €xperiences with many different units of stock will
present great opportunities to leam through adaptive manag€-
ment (Walters lq86: Walters and HollinC I990).

The issue of incremenial resource degradation ftom diffuse
ext€rnal threats (i.e., pollution and illegal harvesting) is also
more likely to be confronted under TURF management. Aba-
lone harvesrers wouldbe committedto ensudng long-tmn pro-
ductivity ftoln specific areas of reef. At the present time
abalone divers giv€ way when a stock declines du€ to environ-
mental damage, recreational, or illegal fishing pressue. Rather
than addressing the threat, harv€steru relocste their operation
placing greater pressure on the dwindling number of remaining
productive beds. Under TURF management harvesters would
not be able to r€locate without purchasing the rights to new
abalone beds. This will create an incentive for harvesters lo
address problems of €utrophication, siltation, habitat destruc-
tion, or illegal use in tbeir areas. With strong financial com-
mitm€nt to the integrity ofthe natural environment in specific
locations, abalone haNcst€rs can be expected to evolve into
enviroffnental watchdogs guarding the integrity ofthe iDshore
marine €nvironment on behalfofthe rest of the communitv.

Preced6nce
Territorial rls€r rights lisheries have considerabl€ precedenc€.
In Europe and No h Arn€rica some stocks of intertidal bi-
valv€s are managed as private properry wbere it has been found
1I) maximize production and minimize surveillance by manag-
ing agencies (Beattie €t al. 1982i Boume 1986).

Japanese prel-€cluJes continue to manage th€ir own flsheries
on a basis of local cor?omte ownership of an area of fishing
ground (Mottet 1980; H. Kojima, Tokushima Prefectural
Fisheries Experimental Stntion, Hiwasa-cho, IGitu-gun,
Tokushima-ten 779 23, Japan, personal communication). De-
spit€ the ongoing slow decline of Japarese abalone catches in
recent times, the slabiliry of Japanese catches ovff hundreds of
years of exploitation argucs that the Japanese have had consid-
erable success in managing their abalone stocks srstainably.

Most marine resourc€s were managed as teritorial rights by
th€ tnditional societies of Oceania, rhe reeftenure providing

the motivation for conservation (Ruddl€ and Johannes 1983).
The displacement of traditional TURF-tpe managemenr and
the in[oduction of a law-of-the-corDmons ftamework is now
€ncouraging the use of destructive fishing practic€s involving
poisons and explosives. The power of villages, clans, and
chiefs to control their own fishing reefs has been eroded while
the govemmental authorities which nominally tak€ control,
lack suffrcient resources to monitor, manag€, or enforc€ (Jo-
hannes 1992: De All€ssi 1997).

In slark conrmsl to fie general mnd in O(eanja, a recent
itrIrcvation in Vanuatu has seen th€ strengthening of village
control over the management of local stocks of the rnarine
gastopod Trochus nilotic,rr (R.E. Johannes, 8 TFdall Coun,
Bonnet Hill, Tasmania, Austalia 7053, personal communica-
hon). The results have been spectacular. With the support of
some basic biological education, traditional village-based
power structues have reassened control over r€efarcas deter-
mining whsn they can be fished. Introduced on a trial basis in
a few villages, the success ofthe initiative can be gauged by
its rapid spread to other villages and the way the villag€rs have
extended the concept to other species. Similarly a form of
TURF matrggement has recently been implemented in th€
Chilean fishery for the gastropod Corcrolepar concholepas
with considerable success (Castilla et al. 1998). As in Vanuatu,
early indications in Chile are that small, relatively nontechni-
cal,local communiti€s controlling their own reefar€as are ca-
pable of sophisticated and creative management d€cisions.

The apparent effecliveness ofTURF in traditional societies
wilh low levels of scientific training and f€w govemmental
resources suggests that TURF could also be successful in tech-
nologically advanced countries such as Ausaalia.

Challengas to the lmplementatlon of tUnF
tor Australlan abalone

Collectively w€ authors have spent considemble time discuss-
ing TLnF management with s wide cross section ofabalone
resource stakeholders in Australia. We have spok€n publicly at
conferenc$, workshops, ard abnual meetings of asso€iations
and discwsed ii informally in numerous private conversations.
There is widespread support tor subdividing the Austialian
abalone fisheries into smaller zones (100's ofkm) €ach with
fewer divers in order to reduce competition between diven and
encourage diven to "farm manage" the resourc€ (Prince and
Shepherd 1992). However, support lor TURF management is
more mixed. ln each fuh€ry there are strong po.kets of support
for changing to a TURI arrangement but an ill-defm€d iesis-
tance to change is mor€ pervasive.

Concem is expressed about the exclusive nature oflhe har,
vesting rights underpinning TURF manag€ment. In ihis con
lext it needs to b€ noled thal territorial rls€r rights ne€d not
exclude other compatibl€ uses for TURI' areaq they would
simply €reate exclusive hawesting rights for abalon€ in spc
cific areas. lt should also b€ noted that exclusivity is aheady a
feature ofthe existing fisheries. Limited entry and ITQ syslerns
are exclusive; a limiled amount of comm€rcial div€rs are al
lowed to gather abalone for sale. ln addition most abalone
tishei€s already have areas reserv€d for recreational, indige-
nous, or preservationist goups and commercial abalone divers
are excluded from th€se areas. This zonation of the existins
lisherie\ provides a sr.arung pornr from uhich rhe broader
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comnunity can ensue, thmugh political processes, that all
stakeholder groups maintain equitable ac€ess to the resource.

A change to TURF managem€nt would turther reduce the
existing right of stakeholdeN to move relatively fteely around
their fisheries. All stakeholdem would be excluded ftom many
ofthe areas in which they curren8 operate afld restncted to
operating in some smaller subset ofthose arcas. Hardin (1968)
argues that the tragedy of the commons does not have a t€ch-
nical solution; nther it is a social issue requiring members of
a cornmunity to voluntarily relinquish existing rights and free-

As might be expected, the willingness ofthe existing stake-
holdem to voluntarily relinquish existing dghts of ftee move-
m€nt seems to relate to how strongly they perceive thei own
need for chanse. Most abalone divers we have spoken with
a€knowledg€ the long-term gains that would be made by opti-
mizins the managem€nt of abalone beds with TURF. How-
€ver, those from fisheries with good stocks of ebalone
gederally value their freedom ofmovement and relative lack
ofrcsponsibility too rnuch to support changing. lt is the divers
ftom aieas with perceived stock problems and a strong interest
in rebuilding stock levels that tend to be most supponive ofa
change to TURF ftanagement. For this latter group, eristing
dglts of ftee movement are devalued by their concem for the
long-term viability ol tleil stocks.

Allocatlon
The impossibility of conveting the existing ITQ allocations
into an €quitable allocation of areas is arolher factor com-
monly cited in convercations aB a banierto changing the €xis!
ing management armngements. H owever one pmsible stratcgy
for equitsbly convedng allocations has already b€en devised
by Dan and Danielle Pollock of the w€st Coast Abalone Har-
vesters of British Columbia.

The method they proposcd involves the following st€ps.
(4 crid the available coastline using a$ appropriately fine
scale (1 km2). (tt) Each stak€hold$ then assigns ro€r own
vslue to each gtid square using a scale ofG-10, zero mdicating
no v&lue snd ten indicating marimum v&lue. Iodividuals define
their own personal reasons for assigring value, including stock
abundance, fishing hislory, accessibiliry, and suitability for
diviog. (tti) Tle total perceived value of each square is then
determined by summing the values assigned to each square by
the stakeholdeis. (r, The total pciceiv€d value of the fishery
is th€n d€termin€d by summing the perc€ived value of all the
individual I -Lm squares. This total perceived valu€ of th€ fish-
ery can then be compared to the existing TACC ard a conver-
sion rate calculat€d between ITQ units snd units of perceived
value. (') By consensus the grided l-km2 squares may then be
amalgamated to form a smaller number of larger areas with
apFoximately equivalent p€rceived value. Thes€ larger units
of approximately equal perceived value could be called TURF
units. (rt A ballot is then used ro allocate TURf units in pro
portion to the ITQ holdings ofea.h stakeholder. (vti) Once this
balloi€d allocation is cornpleted stakeholden can begin trading
TURF units in order to rearrange TLrRF holdings in line with
their individual requirements.

There are undoubtedly other ways ofallocating areas so that
a TURF management strategy can be implemented. However,
the syskm outlined above meets ihe necessary criteria ofbeing

Inverlebrate Stock Assessment and Managemenr

equitable, open, and above manipulation by individuals or
groups (Hively l99s).

Conclqdlng comments
Using the specifics of the Australian experience with the re-
search and management of abalone stocks together with our
wider flsheries experience! we have argued that the spatial
scale ofan exploited stock should be an inponant detennina.nt
ofmanagem€nt strategies. Where the spatial scale ofth€ furc-
tional units of stock within a fishery is smaller than the €ff€c-
tive scale ofmanagement, a tragedy of the commons situation
may aris€ despite otherwise sophisticated manasement. Com
pon€nt stocks within th€ fishery can be overexploiled and a
seriai deplerion of sLocks may occur. from our e\pencncc
fished stocks with localiz€d pattems ofmovement and disper-
sion, including many tropical r€efand invertebrate species, are
particularly pron€ to tbese localized impacts. We suggest thal
management through tenitorial user rigbts would allow indi-
vidual or small communities of fish€rs to adaptively adjust the
scale ofmanagement to the scale ofthe stock. Ther€ may be
other strategies lor achieving this same end but our theory is
that curent trends in modem govemment mitigate against the
current system of zonal size limits, effon limitation, 8nd lTQs
optimalty managing spatially intricate renewable resources.
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could afford this cost over and above minimal costs ofnormal
narvesIlng.

Under TURI managem€nt abalone harvesten would b€-
come dire€tly responsible for planning both th€L harvesting
and stock management strat€gies for defined abalone b€ds.
This would eventually hclud€ catch levels and th€ size ofcap-
tule. They would also assurne responsibilit for monitoring
and s€curing their o\ln abalone beds. The govemment role
would shrink to supporting the development of optimal man-
agement skills among abalone harvest€rs and to verirying, on
behalf ofth€ community, that predete.mined minimum stand-
ads of oD€ration are observed.

Under this r€gime the value of an entitlement to harvest
abalone would become linked to the expected production from
a defined abalone bed. Economic imperatives would favoui th€
harvester who can optimize long-term barvest rates by opti-
mizing management (K€st€ven 1988; Keen l99l; Young
1992). New information and changes in the condition of re-
sources are more €lficiently assimilated by individuals.han by
centralized goverbments; therefore, we should expect manage'
m€nt to become ionovative, experimental, and adaptivc. Mul-
tiple experiences with many different units of stock wiU
prcsent great opporhrnities to leam through adaptive manag€-
ment (Walters 1986: Walrers and Holling lq90).

The issue of incremenlal resouJce degadation flom diffuse
extemal threars (i.e., pollution and illegal harvesting) is also
more lik€ly to bc confronted under TURF managemmt. Aba-
lone haryestcrs wouldbecommittedto ensuiiDg long-lempro-
ductivity from specific areas of reef. At the present time
abalone divers givc way when a stock declines due to environ-
mental damage, recreational, or illegal fishing Fessur€. Rather
thao addressing the threat, hawesters r€locate their operation
placing greater pressure on th€ dwindling numbet of remaining
productive beds. Under TIJRF management harvesters would
not be able to relocate without purchasing the rights to new
abalooe beds. This will create an incentive for ha esters to
address probl€ms of eutrophication, siltation, habitat d€struc'
tion, or illegal use in their areas. With strong fiDancial com-
mitment to the iniegrity ofahe natural environm€ni in specific
Iocations, abalonc harvcst€rs can b€ expected to evolve inlo
environmental wal,chdogs guarding the integrity ofthe inshore
marine €nvironment on behalf of the rest of th€ commtmitv.

Precedonce
Territorial us€r rights fisheries have considerabl€ preced€nce.
In Euope and Nortb Am€rica some stocks of intertidal bi-
valv€s are managed as privale properry where it has be€n found
1{) maximize production and minimize surveillance by manag-
ing agencies (Beattie €t al. 1982; Boume 1986).

Japanese pr€fectures continue to manage their ollln fisheries
on a basis of local corpomte ownership of an area of fishing
ground (Mottel 1980i H. Kojima, Tokushima Prefectural
Fisheries Experimental Station, Hiwasa-cho, IGitu-gun,
Tokushina-ken 779 23, Japan, personal communication). De-
spit€ the ongoing slow decline of Japanese abalone catches in
recent times, the slability of Japanese catches over hundreds of
years of exploitarion argucs that the Japanese have had consid-
erabl€ success in managing lheir abalone stocks sustainably.

Most marine resouces were managed as territorial rights by
the haditional societies of Oceania, the reef tenure providing

the motivation for conservation (Ruddle and Joha.ones 1983).
The displacement of traditional TURF-I}?e management and
the inrroduction of a law-of-the-commons framework is now
encouaging the use of destructive fishing practic€s involving
poisons and explosives. The powff of villages, clans, and
chiefs to control thef own fishing reefs has been eroded while
the govemm€nial authorities which nominally take control,
Iack suflici€nt resources to monitor, manage, or €nforce (Jo-
hannes 1992i De All€ssi 1991.

In stark contast to the general trend in Oceania, a recent
innovation in Vanuatu has se€n the strengthening of village
control over the managem€nt of local stocks of the marine
gastropod Trochus nilotic,rr (R.E. Johannes, 8 TFdall Court,
Bonnet Hill, Tasmania, Aushlia 7053, personal communica-
tion). The results have been spectacular. With the support of
some basic biological education, ftaditional village-based
pow€r structures have reasserted control over reefareas deter-
mining when they can be fished. Intmduced on a trial basis in
a few villages, the success ofthe initiative €an be gau8ed by
its rapid sp.ead to other villages snd the way th€ village$ have
extmded the concept to other sp€cies. Simila.ly a form of
TURF managem€nt has recenily been implemenr€d in the
Chilean fish€ry for the gastropod Concholepar concholepas
with considerable succ$s (Castilla et al. 1998). As in Vanuatu,
early indications in Chile are that small, relatively nontechni-
cal, local communities controlling their own reefar€as are cs-
pable of sophisticatcd and creative managemenl d€cisions.

The apparenl €ff€cliveness ofTURF in traditionBl so€ieries
wilh low levels ol scientific tnining and few govemmenral
resources suggests that TURF could also be succe$fu|in tech-
nologically advanced countri€s such as Austalia.

Challonge! to ihe lmplementatlon of IURF
tor Aultrallan abalone

Coll€ctively we authors have sp€nt considemble time discuss-
ing TURF management with a wide cross section of abalone
resource stakeholders in Australia. We have spoten publicly at
conf€renc€s, workshops, and annual meetings of associations
and discussed it informally in numerous private coovenarions.
Th€re is widespread suppon tor subdividing the Austalian
abalone fisheri$ into smaller zones (100's of km) €ach with
few€r divers in order 1o reducc competition betw€en divers and
€ncourage divers to "fam manage" the resourc€ (Prin€e and
Shepherd 1992). Howevet suppod for TURI managemenl is
more mixed. ln each fishery there are strong pockets of suppon
for changing to a TURI arnngement but an ill-detued resis
tance to change is more pervasive.

Concem is expressed about the exclusive nature ofthe har-
vesting dghts underpinning TURF manag€ment. In this con-
lext ia needs to b€ noled that territorial user rights necd not
exclude other compatible uses for TURF areas; they would
simply create exclusive harvesting rights for abalone in spe
cific areas. lt should also be not€d that exclusivity is aheady a
feature ofth€ existing fisheries. Limited enty and ITQ syslcrns
are exclusive; a limiled amount of commercial divers are al
lowed to eather abalone for sale. ln addition mosl abalone
fisheri€s already have areas rcserved for recreational, indige-
nous, or p.€servationist groups and conmercial abalone diven
are exclud€d from th€se areas. This zonation of the existins
fisheries provides a stanmg pornr fiom $hich rhe broMe;
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